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1st Editorial Decision 21st Dec 2018 

Thank you for submitting your manuscript to The EMBO Journal. Your study has now been seen by 
three referees and their comments are provided below.  
 
The manuscript received a bit of a mixed response. The referees appreciate the interest of the topic, 
but also raise issues regarding novelty and find the manuscript fairly descriptive. I appreciate the 
issues raised by the referees, but also find the analysis interesting and insightful. Should you be able 
to address the concerns raised and provide more data to support the key conclusions as well as 
adding some mechanistic insight into the role of NLRP3 in microglia and how it is activated by LPS 
(ref #2 and 3) then I would be interested in considering a revised version.  
 
------------------------------------------------  
 
REFEREE REPORTS: 
 
Referee #1:  
 
Briefly, LPS given peripherally changed microglial morphology as measured by 2 photon 
microscopy and made them less able to clear amyloid beta. That change is reported to be NLRP3-
dependent.  
 
KEY QUESTION: NLRP3-/- mice are already protected against the APP/PS1 phenotype so we need 
to be sure that any beneficial effects of the KO are clearly shown to be selective to the LPS-induced 
changes and not simply explained by the different underlying condition at the time of the LPS 
challenge.  
 
There are multiple interesting and potentially important observations here, but the key assertion that 
the effects of LPS on microglial activation, phagocytosis, proliferation and monocyte infiltration are 
not fully supported by the data as they currently stand. The data need more explicit statistical 
analysis (throughout) in order to increase confidence in some of the findings and in some cases the 
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data simply do not support the conclusions. It is very important that the known affect of NLRP3-/- 
on some of these parameters in APP/PS1 is not mistaken for a NLRP3-dependent effect on LPS on 
those same parameters.  
 
 
Results  
Figure 1  
1f - "recovery was restricted to normalization of the branch number'. It is not clear what this means, 
since all parameters seem to recover at 10d back to control levels. It is not clear what statistical 
justification is used for this, but it is absolutely clear that they are not significantly different from 
their baseline level. The benefits of real-time and repeated measures allows the authors to see that 
there are changes at 2 days but by 10 days they are once again indistinguishable from controls: LPS-
induced reductions in branch number, path length, and maximum branch order all recover to levels 
that are indiscernibly different from control levels. To say that these microglia are not different to 2d 
is entirely counterintuitive. To look at deflections from control levels both post-LPS groups should 
be compared, statistically, to baseline.  
 
Minor points on this figure: Its not clear what is shown in 1a - the legend indicates it is an example 
of the microglial reconstruction but what 'traces' means is not clear.  
1b - it is not clear that effects have peaked at 48 hours - the 48 hour example appears to show more 
complexity than the 24 hours and the 4 hours  
 
Figure 3  
The authors report that LPS increases plaque number in APP/PS1 but not in APP/PS1/NLRP3-/-. 
Once again this is apparently based on a statistically significant post-hoc test in APP/PS1 and a 
failure to find this difference in the NLRP3-/-. However, the magnitude of increase in plaques in the 
NLRP3-/- is the same, if not greater than in APP/PS1, when examined on a proportional basis (that 
is, LPS doubles plaque number in NLRP3-/- and increases them by slightly LESS in APP/PS1 with 
normal NLRP3 expression). I am really not sure it serves the data or the reader to present this as an 
increase in app/ps1 and no increase in NLRP3-/-. Given that the authors have already published high 
profile papers on the role of NLRP3 in amyloid pathology per se, dissecting the effects of NLRP3 
on disease per se, from effects of NLRP3 on LPS impacts on the same parameters are crucial in the 
current study.  
 
It does look as though the effects of LPS on Ab1-40 and 1-42 are more prominent in the app/ps1 
mice, but once again there are modest effects of LPS in NLRP3-/- mice. However, the interpretation 
of the data as a whole should take into account the effects of LPS in NLRP3-/-. I do not believe the 
effect is absent in those mice and I think the reader can see this, even in figure 3a.  
 
Figure 4  
The authors then turn their attention to phagocytic ability with respect to Amyloid beta after the LPS 
challenge.  
It is relatively clear from the methoxy O4 FACS measures that microglia in APP/PS1 mice 
phagocytose less Ab in the days after LPS. Moreover the NLRP3 mice appear to phagocytose 
MORE. The statistics have not been fully detailed but the latter is not annotated as significant. I 
think this may be a robust and important result. According to the figure legend the authors 
performed a 2 way ANOVA of these data but do not report the results. An analysis with strain as 
one factor and LPS across time as a repeated measure would likely produce a main effect of LPS 
and perhaps a main effect of strain. However, I would expect that they may also see an interaction of 
strain and LPS over time, suggesting that LPS has opposite effects on phagocytosis depending on 
the strain. This analysis should be made explicit in the text (Full ANOVA for main effects and 
interactions, with F, df and p values) and the finding discussed appropriately (even if only a trend). 
This is important because it may not simply be the case that LPS impairs phagocytosis in a NLRP3-
dependent way. If this is disease-state dependent then it has different implications.  
 
Figure 7  
Instead of citing unpublished observations on increased microglial proliferation in AD models the 
authors should simply cite published data supporting that statement (Olmos-Alonso et al., Brain, 
2016). If it is the case that the data in figure do not refer at all to APP/PS1 mice this should be made 
explicit. The figures do indeed suggest that the control group is WT, but since the previous figures 
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have been with APP/PS1 it requires a mental gear-change to return to non-AD mice, so it would be 
helpful to the reader to emphasise this.  
 
The Ki67 images are a little small for assessing the positive cells - often one can see the arrows but 
barely see the cells. The data seem to suggest that LPS produces an acute increase in proliferation 
and that up to 1 in 10 microglia can be seen to be dividing at 2 days post-LPS. Again the statistical 
analysis is not clear (what is inter group analysis ? - the authors never properly describe their 
statistical analysis and although such text can sometimes be cumbersome in the main text, it is 
important to describe clearly, somewhere, precisely what the analysis shows.  
 
The main observations would appear to be that  
1) proliferation is higher in the hippocampus than the cortex  
2) in the hippocampus, proliferation is higher at 5 months than 15 months and  
3) at 15 months proliferation is lowest in the NLRP3-/- while at 5 months it appears higher in the 
NLRP3.  
For 3) again it needs to assessed explicitly whether there is an interaction between age and strain - 
because it looks possible that LPS has differential effects in NLRP3-/- depending on age (increasing 
Ki67 in young but decreasing it in old). Can you provide the full statistical analysis?  
 
Figure 8.  
I found this text hard to follow: Here I break it down sentence by sentence to try to understand the 
statements made:  
1: "In contrast,APP/PS1 and APP/PS1/Nlrp3-/- mice already showed proliferating microglia in the 
cortex and hippocampus under control conditions mainly located at Aβ deposits (Fig  
8a,b)": Compared to what? There are no non-transgenic animals in this figure.  
 
2: "While there was no difference in the number of proliferating microglia between 5mo APP/PS1 
and APP/PS1/NLRP3-/- mice", : Looking at figure 8c there seems to be a clear difference between 
these 2 strains at 5 months since there are no proliferating microglia observed at "Con" in 5m 
APP/NLRP3-/- while there are about 8% in "APP 5m".  
 
3 "...NLRP3 knockout substantially reduced the number of inflammation-induced proliferating 
microglia in aged, 15mo animals (Fig 8c)": In both the cortex and the hippocampus LPS induces an 
acute increase (at 2d) in proliferating microglia and this increase looks quite robust to me in both 
APP 15m and APP/NLRP3-/- mice, in both regions. The change from baseline (ie 2d minus Con) is 
very similar in both strains and if one was to calculate it as a fold increase from baseline (ie 2d over 
Con) then the fold increase would be even higher in the NLRP3 ko at 15 month. Once again, the 
DISEASE-ASSOCIATED proliferation appears to be reduced in NLRP3-/- mice, but LPS is very 
well able to induce the increase in proliferation. I absolutely cannot see that knockout of NLRP3 
blocks this proliferation as the authors suggest it does when they state that "NLRP3 knockout 
substantially reduced the number of inflammation-induced proliferating microglia"  
 
The remaining figures (below) are fine, but a comment on the nature of cd169 labelling would be 
reasonable.  
Figure 2. Age shows the expected increase in microglial #branches and path length but LPS fails to 
produce acute changes. These acute changes occur irrespective of age and the failure to change 
acutely fails to occur, irrespective of age. All looks good and appropriately analysed  
 
Figure 5. Fine. Any changes seen in plaque distant microglia are very subtle.  
 
Figure 6. CD169 positive cells, which should label peripheral monocytes but not microglia, were 
apparent only post-LPS, only in APP/PS1 mice at 15 months. The labelling for this marker looks 
rather punctate with puncta being considerably less that the size of cells  
 
Minor changes:  
In the Introduction "Cunningham, Wilcockson, Campion, Lunnon, 2005" looks like an unformatted 
citation and in the bibliography it is incomp  
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Referee #2:  
 
In this manuscript Tejera and colleagues investigated the effects of a single systemic LPS injection 
in young and aged mice in a mouse model of Alzheimer's disease and they describe these findings 
take place through a pathway involving NLRP3. Noteworthy, they used two-photon laser 
microscopy to characterize for the first time the morphological changes in vivo, hours and days after 
the LPS challenge using the CX3CR1-GFP transgenic mouse line. Furthermore, they imaged and 
assessed the changes occurring in eight different scenarios: comparing aged and young mice, wild 
type or knock-out for the Nlrp3 gene, with and without APP/PS1 transgene.  
Their main findings comprise that the changes in microglia morphology after LPS injection are 
influenced by age, the presence of App transgene, Aβ plaques and that they are somehow related to 
NLRP3. Additionally, they describe an increase in plaque number and a possible decrease in 
phagocytic activity in 15 months old APP/PS1 mice, the presence of cells expressing CD169 in the 
same aged group and study the effects of LPS administration on proliferation in the different groups.  
Even though the study is well performed and structured I have some major concerns about the 
overall novelty of this manuscript.  
1. The study is not novel at al. Microglial retraction with the amount of LPS used is well known 
since at least two decades. The increase in plaque load was described by Wendeln AC et al. in 
Nature 2018, (which was not cited in the manuscript!). The authors seem to be aware of this lack of 
novelty and cited two more manuscripts in the discussion that assessed the increase of amyloid 
deposition in transgenic murine models of amyloidosis (Lee et al, 2008; Joshi et al, 2014).  
2. The authors tried to give a mechanistic insight into the role of NLRP3 in microglia, but the data 
obtained questions the depth of this analysis. Altogether, the lack of novelty and lack of mechanistic 
insight raises major concerns in the referee for the eligibility of this manuscript for EMBO Journal.  
3. Nlrp3−/− microglia do not display morphological changes after the single LPS injection. 
Nevertheless, no mechanism is provided to explain how NLRP3 in microglial cells in the CNS 
parenchyma is activated by LPS. I would ask the authors to elucidate how the LPS is directly 
crossing the blood brain barrier and activating microglia through its specific receptor, or if there is 
an intermediate signal mediating this effect as suggested by other publications (Banks WA, et al. 
Brain Behav Immun. 2010 Jan. doi: 10.1016/j.bbi.2009.09.001).  
4. CD169+ cells are assumed to be infiltrating peripheral myeloid cells. The authors should prove 
through fate mapping or any similar technique that the described CD169+ cells are indeed peripheral 
myeloid cells and not just microglia expressing this marker. Some authors claim this marker can be 
upregulated in microglia (Bogie JF, Mult Scler. 2018 Mar. doi: 10.1177/1352458517698759).  
5. In Figure 4c, microglia cells are gated simply as living CD11b+ cells. A better gating strategy is 
required specially if you are claiming the possibility of infiltrating peripheral myeloid cells. After 
targeting leucocytes, discarding duplex cells and gating living cells with the Live/Dead staining; 
CD3, CD19 and GR1 cells must be excluded. Finally microglia cells must be gated not only by 
CD11b+ but CD45 low to distinguish from peripheral myeloid cells. Additionally, Figure 4c seems 
to display a subpopulation of cells in the upper right part of the APP/NLRP3−/− FACS dot plot that 
is not present in the APP mice. If this population does not disappear after a proper gating strategy, 
the authors should describe what they are.  
6. Please explain the relevance of your findings in Figure 4a,b and 5a,b given the distinct 
populations already described by Keren-Shaul H et al. Cell 2017 which seem to be the same as 
yours.  
7. The authors claim LPS related changes act through the NLRP3 pathway but never show proof of 
NLRP3 being activated in their model. The study would first benefit from a proof of principle that 
LPS is directly or indirectly triggering NLRP3 inflammasome activation and therefore induces 
ASC-spec formation that would explain the changes observed. Please show as well quantitative data 
of Asc formation, especially in Figures 2 and 6c,d. Given the experience the author's group has with 
immunofluorescence detection of Asc-Specs, this should not be a problem.  
8. The term "inflammation" is wrongly used throughout the whole manuscript (see: Aguzzi et al. 
Science. 2013 Jan 11;339(6116):156) and should be avoided. There is simply no inflammation 
during neurodegeneration such AD. There is a difference to MS, meningitis, stroke etc.  
 
Minor Points:  
1. It is better to represent each count as a dot instead of Bars to appreciate the distribution of the 
sample. It is best not to hide this information. You may overlay the dots on top of the bars. Also, the 
correct measure of error bars to show is Standard Deviation and not SEM. SEM is only for 
populations while SD talks about the variability within a sample.  
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2. The nomenclature for the Nlrp3 gene in mice must be written with only the first in capital and 
everything in cursive, whereas the NLRP3 protein in mice must be written all letters in capital. The 
same applies for other transgenes used. This was taken into account but inconsistent in the text and 
not at all taken into account in the figures. For references guidelines please read: 
(http://www.informatics.jax.org/mgihome/nomen/gene.shtml, 
https://en.wikipedia.org/wiki/Gene_nomenclature, 
https://www.ncbi.nlm.nih.gov/genome/doc/internatprot_nomenguide/)  
3. Related information is spread across too many figures. I suggest sending non-crucial information 
to more Extended Views and fuse into one figure the following: Figures 1 and 2. Figures 4 and 5. 
Figures 7 and 8.  
4. It is odd that the Figure 1a is not mentioned in the main text but only in the methods. Please 
include in the main text or relocate it to an Extended View.  
5. Figure 1e and Figure 2a displays CX3-eGFP above the timeline. It should say CX3CR1-eGFP.  
6. Please quantify number of plaques and plaque size separating cortex and hippocampus for figure 
3 (as done in Figures 7 and 8).  
7. Please explain the meaning of the topmost significance bar in all the graphs of Figure 3b. Clarify 
if it corresponds to a significant difference between each bar and its equivalent in the Nlrp3 knock 
out group or if it's indicating significant differences between the first and last bar of both groups. 
The same applies to the bars in Figure 7c and EV1.  
8. Figure 6 should include a quantification of the CD169+ cells described to assess the relevance of 
such findings. Please indicate in % of CD169+ cells from the total Iba-1 population surrounding the 
plaques and the % of plaques surrounded by CD169+ cells from total plaques in image.  
9. The image quality of the Ki67 stainings in figures 7 & 8 is not optimal. Please include a higher 
magnification image where Ki67, DAPI and Iba1 can be evidently seen overlaid. The same for the 
CD169 staining in figure 6. It would be best if you could present the individual channels in high 
magnification and at the end an overlay of all channels.  
10. In figures 7 and 8. DAPI is not indicated in the legend of each image.  
11. In figure 8a&b, Dapi and Methoxy should not be used use in the same color, this creates 
confusion. Please repeat representative images using Thioflavine-S or Thiazine red that stains the 
same structures and move Ki67 to another channel like far-red.  
12. In Figure 8c, please explain why Ki67 decreases in APP 5m old mice after LPS injection. This 
piece of data contradicts your general statement for that figure.  
 
 
 
Referee #3:  
 
The manuscript "Systemic inflammation impairs microglial Ab clearance through NLRP3 
inflammasome" aims to investigate the effect of systemic inflammation on microglial activation 
with regard to aging, Alzheimer´s Disease (AD) and the NLRP3 inflammasome.  
Microglia of mice expressing CX3CR1-GFP were monitored by Two-photon laser scanning 
microscopy in vivo at different time points after LPS injection. Microglia of 15 months old mice 
showed less ramification in general compared to microglia from 5 months old mice and animals of 
both age groups exhibited a more "activated" phenotype (reduced branching, reduced amount and 
length of processes) 2 d but not 10 d after LPS treatment. LPS treatment resulted also in an 
increased number of amyloid beta plaques and higher levels of Abeta 40 and 42. Lack of the 
inflammasome component NLRP3 (NLPR3 KO mice) prevented morphological changes in 
microglia (non-AD model and plaque-distant), Abeta increase and infiltration of CD169-positive 
peripheral macrophages. Furthermore, microglial proliferation was increased 2 d after LPS 
challenge in all mouse models and ages with less proliferation in the hippocampus of NLRP3 KO 
mice occurring.  
 
The manuscript is well structured but some figures should be combined or moved to EV to avoid 
repetitions and also the writing style must be improved to increase the clarity of the text. The topic - 
dissecting the effect of systemic inflammation on microglia in the context of AD - is certainly of 
high interest and the reviewer appreciates the efforts to demonstrate these changes in an in vivo 
setting. However, there are a couple of major concerns, which must be addressed:  
 
Major Points:  
1. The authors need to demonstrate the existence and the time course of a systemic inflammation 
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after LPS injection by additional markers apart from microglia morphology. In addition to 
cytokines, (see 2) also staining of addtl. microglial activations makers (such as CD68 and Clec7a) is 
required.  
 
2. The manuscript is mainly descriptive and would profit - in regard to novelty - from a deeper 
mechanistic insight. The authors found a protective effect from lack of NLRP3 at various levels. 
This indicates a major involvement of not only cytokines in general but also the IL1beta/IL18 
pathway, specifically. Therefore, the authors must determine the cytokine levels before and after 
injection of LPS in the periphery and the brain a) to elucidate the protective effect of NLRP3 
deletion in the aging paradigm (as discussed in regard to Fig 2b,c,d) as well as during systemic 
inflammation and b) whether release of TNFalpha and IL6 (also induced by LPS but not dependent 
on NLRP3) is indeed irrelevant in this setting as indirectly suggested by these data.  
 
3. Soma size is another parameter of microglia activation (as the authors also mention in the 
discussion). Looking at Fig. 1b, this parameter does not seem to support the conclusion, namely that 
all activation parameters are at its maximum after 2 d. Are the pictures in Fig. 1b not representative? 
Please provide a quantification of this parameter.  
 
4. While the effect of LPS on proliferation has been shown previously (e.g. Shankaran et al., 2007 
DOI:10.1002/jnr.21389), the outcome of LPS stimulation on Abeta load is interesting (Fig. 3), 
where the authors propose reduced phagocytosis as possible mechanism (Fig. 4 c,d). As 
phagocytosis decreased progressively during the observation time (up to 10 d), a longer observation 
time is required - especially regarding future therapeutic inventions - to determine if a systemic 
inflammation has transient or a permanent effect.  
 
5. Are the changes the authors observed in microglia reflected in astrocytes (or other CNS cells) or 
is this a microglia-specific effect?  
 
6. The hypothesis on page 9 is pretty bold: "NLRP3 knockout influences infiltration of Aβ-directed 
migration at several levels including the reduction of inflammatory mediators, the capability of 
peripheral immune cells to enter the brain and also by protecting the integrity of the blood brain 
barrier". Since the authors only show a lack of infiltrating CD169 positive cells, this statement needs 
to be adjusted - or substantiated. The least the authors can do is to show cytokine levels (as 
inflammatory mediators) as suggested in 2, as well as convincing data regarding the integrity of the 
BBB (e.g. an Evans blue staining).  
 
Minor Points:  
1. Fig 2B 5 months 2nd row, 15 months 2nd row and Fig. 4A APP: are these really the same regions 
because the vascularization looks different.  
2. Fig 4c,d: how was the phagocytosis assay performed, this lacks in the Methods section.  
3. Fig 4a and 5a: please depict in the figure and the figure legend the antibodies that were used in 
their respective color.  
4. Please detail what is considered 'in vicinity of plaques' as well as 'distant from plaques' for 
microglia. If this is based on the methoxyX04 staining, what about the plaque halo that wouldn't be 
visible with this beta-sheet staining?  
5. The paragraph describing Figs 7 and 8 needs to be revised:  
a. please change cortical to hippocampal (3rd line from the bottom)  
b. Why is there no mentioning of the strong increase in cell proliferation 2 d after LPS treatment 
apart from the section title?  
c. The authors state that "While there was no difference in the number of proliferating microglia 
between 5mo APP/PS1 and APP/PS1/NLRP3-/- mice, NLRP3 knockout substantially reduced the 
number of inflammation-induced proliferating microglia in aged, 15mo animals (Fig 8c). According 
to Fig. 8c there is a significant difference also in 5 month old animals.  
6. Fig. EV3: The blot mainly shows differences in Actin and not in Beclin1.  
7. Page 9: "In AD and related mouse models, microglial proliferation seems to be accelerated 
(unpublished observations)." It seems the authors are referring to microgliosis, which is well 
documented in AD and should be referenced appropriately.  
8. The statement on page 8: "we observed that these mice were largely refractory to peripheral 
immune challenge and aging, since no morphological changes were observed upon LPS challenge" 
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solely based on morphological changes is a bit farfetched (see also 1 and 2).  
9. Please mention the exact location of the cranial window in the methods section. 
 
 
1st Revision - authors' response 7th May 2019 

Referee #1:  

 

Briefly, LPS given peripherally changed microglial morphology as measured by 2 photon 

microscopy and made them less able to clear amyloid beta. That change is reported to be NLRP3-

dependent.  

 

KEY QUESTION: NLRP3-/- mice are already protected against the APP/PS1 phenotype so we need 

to be sure that any beneficial effects of the KO are clearly shown to be selective to the LPS-induced 

changes and not simply explained by the different underlying condition at the time of the LPS 

challenge.  

 

There are multiple interesting and potentially important observations here, but the key assertion that 

the effects of LPS on microglial activation, phagocytosis, proliferation and monocyte infiltration are 

not fully supported by the data as they currently stand. The data need more explicit statistical 

analysis (throughout) in order to increase confidence in some of the findings and in some cases the 

data simply do not support the conclusions. It is very  

important that the known affect of NLRP3-/- on some of these parameters in APP/PS1 is not 

mistaken for a NLRP3-dependent effect on LPS on those same parameters.  

Response: we thank the reviewer the suggestion. In the subsequent points we address the statistical 

concerns raised by the reviewer by providing detailed information about the statistical analysis. We 

also try to describe better the experimental conditions and the respective controls which will explain, 

which changes and which aspect of protection are mediated by LPS and NLRP3 knockout. 

 

Results  

Figure 1  

1f - "recovery was restricted to normalization of the branch number'. It is not clear what this means, 

since all parameters seem to recover at 10d back to control levels. It is not clear what statistical 

justification is used for this, but it is absolutely clear that they are not significantly different from 

their baseline level. The benefits of real-time and repeated measures allows the authors to see that 

there are changes at 2 days but by 10 days they are once again indistinguishable from controls: LPS-

induced reductions in branch number, path length, and maximum branch order all recover to levels 

that are indiscernibly different from control levels. To say that these microglia are not different to 2d 

is entirely counterintuitive. To look at deflections from control levels both post-LPS groups should 

be compared, statistically, to baseline.  

Response: we agree with the comment made by the reviewer. We rewrote the sentence in order to 

more accurately reflect the results (page 6, lines 143-145).    
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Minor points on this figure: Its not clear what is shown in 1a - the legend indicates it is an example 

of the microglial reconstruction but what 'traces' means is not clear.  

Response: we apologize for not being clear in this description. “Traces” make reference to the 

automatic reconstruction of the microglia processes. This change was introduced in the figure 

legend of the revised manuscript and the figure was moved to Fig EV1. 

 

1b - it is not clear that effects have peaked at 48 hours. The 48-hour example appears to show more 

complexity than the 24 hours and the 4 hours  

Response: we agree with the reviewer and display a more representative reconstruction image (Fig 

1a). 

 

Figure 3  

The authors report that LPS increases plaque number in APP/PS1 but not in APP/PS1/NLRP3-/-. 

Once again this is apparently based on a statistically significant post-hoc test in APP/PS1 and a 

failure to find this difference in the NLRP3-/-. However, the magnitude of increase in plaques in the 

NLRP3-/- is the same, if not greater than in APP/PS1, when examined on a proportional basis (that 

is, LPS doubles plaque number in NLRP3-/- and increases them by slightly LESS in APP/PS1 with 

normal NLRP3 expression). I am really not sure it serves the data or the reader to present this as an 

increase in app/ps1 and no increase in NLRP3-/-. Given that the authors have already published high 

profile papers on the role of NLRP3 in amyloid pathology per se, dissecting the effects of NLRP3 

on disease per se, from effects of NLRP3 on LPS impacts on the same parameters are crucial in the 

current study. 

Response: we thank the reviewer the comment. Due to big dispersion in the data, we have increased 

the number of mice and separately analyzed cortex and hippocampus. Our results (included in the 

revised version of the manuscript) suggest an increased amyloid load, assessed by 

immunohistochemistry, in APP/PS1 but not in APP/Nlrp3-/- for both, cortex and hippocampus (Fig 

3a,b and EV7a,b). 

 

It does look as though the effects of LPS on Ab1-40 and 1-42 are more prominent in the app/ps1 

mice, but once again there are modest effects of LPS in NLRP3-/- mice. However, the interpretation 

of the data as a whole should take into account the effects of LPS in NLRP3-/-. I do not believe the 

effect is absent in those mice and I think the reader can see this, even in figure 3a. 

 

Response:  we understand the reviewer’s criticism, however, statistics were re-checked. Two-way 

ANOVA was used and Tukey for multiple comparisons was used as a post-hoc test. The interaction 

resulted is a non-significant result with a p-value of 0.1324 and the F (6, 26) = 1.829 for Ab 1-40. 

For Ab 1-42 the p-value was 0.0914 and the F (6, 28) = 2.054. 
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Figure 4  

The authors then turn their attention to phagocytic ability with respect to Amyloid beta after the LPS 

challenge.  

It is relatively clear from the methoxy O4 FACS measures that microglia in APP/PS1 mice 

phagocytose less Ab in the days after LPS. Moreover the NLRP3 mice appear to phagocytose 

MORE. The statistics have not been fully detailed but the latter is not annotated as significant. I 

think this may be a robust and important result. According to the figure legend the authors 

performed a 2 way ANOVA of these data but do not report the results. An analysis with strain as 

one factor and LPS across time as a repeated measure would likely produce a main effect of LPS 

and perhaps a main effect of strain. However, I would expect that they may also see an interaction of 

strain and LPS over time, suggesting that LPS has opposite effects on phagocytosis depending on 

the strain. This analysis should be made explicit in the text (Full ANOVA for main effects and 

interactions, with F, df and p values) and the finding discussed appropriately (even if only a trend). 

This is important because it may not simply be the case that LPS impairs phagocytosis in a NLRP3-

dependent way. If this is disease-state dependent then it has different implications.  

Response: we thank the reviewer for the comment. We re-checked our statistical analysis and 

indeed, found a significant interaction with a p-value of 0.0145 F (2, 13) = 6,437. However, after 

running Tukey post hoc test for multiple comparisons there was no significant difference between 

controls, 2 days or 10 days for the APPNlrp3-/- group. 

 

Figure 7  

Instead of citing unpublished observations on increased microglial proliferation in AD models the 

authors should simply cite published data supporting that statement (Olmos-Alonso et al., Brain, 

2016). If it is the case that the data in figure do not refer at all to APP/PS1 mice this should be made 

explicit. The figures do indeed suggest that the control group is WT, but since the previous figures 

have been with APP/PS1 it requires a mental gear-change to return to non-AD mice, so it would be 

helpful to the reader to emphasize this.  

Response: the reference suggested by the reviewer was added to the revised manuscript. Figure 7 

makes reference to non-APP mice. That means WT and Nlrp3-/- PBS and LPS treated. We have 

incorporated this change into the revised version of the manuscript (page 11, lines 296-297). 

 

The Ki67 images are a little small for assessing the positive cells - often one can see the arrows but 

barely see the cells. The data seem to suggest that LPS produces an acute increase in proliferation 

and that up to 1 in 10 microglia can be seen to be dividing at 2 days post-LPS. Again the statistical 

analysis is not clear (what is inter group analysis? - the authors never properly describe their 

statistical analysis and although such text can sometimes be cumbersome in the main text, it is 

important to describe clearly, somewhere, precisely what the analysis shows.  

Response: we thank the reviewer for the comment; the images were enlarged so that the reader can 

now clearly see the cells and appreciate the findings. Inter-group analysis makes reference to WT 

versus Nlrp3-/- comparison considering the three different time-points. The reviewer is right, the 
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expression could lead to confusion and was removed in the revised version of the manuscript. 

 

The main observations would appear to be that  

1) proliferation is higher in the hippocampus than the cortex  

2) in the hippocampus, proliferation is higher at 5 months than 15 months and  

3) at 15 months proliferation is lowest in the NLRP3-/- while at 5 months it appears higher in the 

NLRP3.  

For 3) again it needs to assessed explicitly whether there is an interaction between age and strain - 

because it looks possible that LPS has differential effects in NLRP3-/- depending on age (increasing 

Ki67 in young but decreasing it in old). Can you provide the full statistical analysis?  

Response: we agree with the reviewer comment. Microglia proliferation in Nlrp3-/- at the age of 5 

months in the hippocampus is higher than in 15 months (With a p value of 0.0009, Tukey for 

multiple comparison test). We have now added these points (page 11 lines 304-307) and also 

provide a full statistical analysis of the data. 

 

Figure 8.  

I found this text hard to follow: Here I break it down sentence by sentence to try to understand the 

statements made:  

1: "In contrast, APP/PS1 and APP/PS1/Nlrp3-/- mice already showed proliferating microglia in the 

cortex and hippocampus under control conditions mainly located at Aβ deposits (Fig  

8a,b)": Compared to what? There are no non-transgenic animals in this figure.  

Response: we thank the reviewer the comment. This is compared to the observation done in figure 7 

where in PBS-treated mice we did not observed proliferative microglia (Fig 7). However, in figure 

8, proliferative microglia was found in PBS-treated mice. This sentence has been added to the 

revised version of the manuscript (Page 11, line 309). 

 

2: "While there was no difference in the number of proliferating microglia between 5mo APP/PS1 

and APP/PS1/NLRP3-/- mice": Looking at figure 8c there seems to be a clear difference between 

these 2 strains at 5 months since there are no proliferating microglia observed at "Con" in 5m 

APP/NLRP3-/- while there are about 8% in "APP 5m".  

Response: the reviewer is right. The proliferation is higher in the cortex of APP/PS1 compared to 

APP/NLRP3-/-. This observation has been included in the revised version of the manuscript (page 12 

line 310-311). 

 

3 "...NLRP3 knockout substantially reduced the number of inflammation-induced proliferating 

microglia in aged, 15mo animals (Fig 8c)": In both the cortex and the hippocampus LPS induces an 

acute increase (at 2d) in proliferating microglia and this increase looks quite robust to me in both 

APP 15m and APP/NLRP3-/- mice, in both regions. The change from baseline (ie 2d minus Con) is 

very similar in both strains and if one was to calculate it as a fold increase from baseline (ie 2d over 

Con) then the fold increase would be even higher in the NLRP3 ko at 15 month. Once again, the 



The EMBO Journal - Peer Review Process File 
 

 
© European Molecular Biology Organization 11 

DISEASE-ASSOCIATED proliferation appears to be reduced in NLRP3-/- mice, but LPS is very 

well able to induce the increase in proliferation. I absolutely cannot see that knockout of NLRP3 

blocks this proliferation as the authors suggest it does when they state that "NLRP3 knockout 

substantially reduced the number of inflammation-induced proliferating microglia"  

Response: we agree with the reviewer. In APP/PS1 and APP/PS1/Nlrp3 mice, LPS is equally 

stimulating microglia proliferation. We corrected this in revised version of the manuscript (page 12 

line 313). 

 

The remaining figures (below) are fine, but a comment on the nature of cd169 labeling would be 

reasonable.  

Response: A comment on the nature of CD169 has been added to the revised version of the 

manuscript (page 10 lines 264-266). 

CD 169 (Siglec 1) has been described as a marker of inflammatory monocytes and differentiated 

dendritic cells and it has been reported to discriminate microglia from infiltrating myeloid cells 

(Perez et al, 2017; Butovsky et al, 2012; Rice et al, 2015). Nevertheless we cannot exclude an 

upregulation of this marker by microglia under the given experimental conditions. Even though our 

results (included in the revised version of the manuscript) suggest that BBB is compromised in APP 

15mo mice after LPS injection (see Fig EV12). Such a disruption of the BBB could have been 

prompted the infiltration of peripheral cells given the presence of cytokines and chemokines in the 

brains of APP/PS1 mice  

 

Figure 2. Age shows the expected increase in microglial #branches and path length but LPS fails to 

produce acute changes. These acute changes occur irrespective of age and the failure to change 

acutely fails to occur, irrespective of age. All looks good and appropriately analyzed  

 

Figure 5. Fine. Any changes seen in plaque distant microglia are very subtle.  

 

Figure 6. CD169 positive cells, which should label peripheral monocytes but not microglia, were 

apparent only post-LPS, only in APP/PS1 mice at 15 months. The labeling for this marker looks 

rather punctate with puncta being considerably less that the size of cells  

Response: we thank the reviewer for the comment. Images were taken again and improved for 

proper visualization (Fig 6 and EV11).   

 

Minor changes:  

In the Introduction "Cunningham, Wilcockson, Campion, Lunnon, 2005" looks like an unformatted 

citation and in the bibliography it is incomplete  

Response: reference was corrected for the revised version of the manuscript. 

 

Referee #2:  
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In this manuscript Tejera and colleagues investigated the effects of a single systemic LPS injection 

in young and aged mice in a mouse model of Alzheimer's disease and they describe these findings 

take place through a pathway involving NLRP3. Noteworthy, they used two-photon laser 

microscopy to characterize for the first time the morphological changes in vivo, hours and days after 

the LPS challenge using the CX3CR1-GFP transgenic mouse line. Furthermore, they imaged and 

assessed the changes occurring in eight different scenarios: comparing aged and young mice, wild 

type or knock-out for the Nlrp3 gene, with and without APP/PS1 transgene.  

Their main findings comprise that the changes in microglia morphology after LPS injection are 

influenced by age, the presence of App transgene, Aβ plaques and that they are somehow related to 

NLRP3. Additionally, they describe an increase in plaque number and a possible decrease in 

phagocytic activity in 15 months old APP/PS1 mice, the presence of cells expressing CD169 in the 

same aged group and study the effects of LPS administration on proliferation in the different 

groups.  

Even though the study is well performed and structured I have some major concerns about the 

overall novelty of this manuscript.  

1. The study is not novel at all. Microglial retraction with the amount of LPS used is well known 

since at least two decades. The increase in plaque load was described by Wendeln AC et al. in 

Nature 2018, (which was not cited in the manuscript!). The authors seem to be aware of this lack of 

novelty and cited two more manuscripts in the discussion that assessed the increase of amyloid 

deposition in transgenic murine models of amyloidosis (Lee et al, 2008; Joshi et al, 2014).  

Response: We apologize for not originally citing the paper by Wendeln et al., which now has been 

included. Regarding the lack of novelty in our paper claimed by the reviewer, we would like to 

emphasize that the novelty of our manuscript lies in showing the effect of Nlrp3 in LPS-induced 

Abeta pathology (Fig 3 and EV7) which to the best of our knowledge has not been described before. 

Moreover, we showed in the manuscript the in vivo changes in individual microglia cells by 

longitudinal two-photon microscopy (Fig 1, 2, 4 and 5). 

Additionally, we suggest that the increase in Abeta pathology is due to a decrease in its clearance 

(Fig 4c,d and EV10). Regarding the study published by Wendeln et al., we need to mention that the 

experimental paradigm is different (4 LPS injection in Wendeln et al). The time that amyloid 

pathology was evaluated after last LPS injection was 6 months, which converts this in a long-term 

evaluation. Concomitantly, a deep transcriptomic analysis was performed showing changes in 

microglia profiles but no mechanism whatsoever was provided for the increase in amyloid 

pathology. 

 

2. The authors tried to give a mechanistic insight into the role of NLRP3 in microglia, but the data 

obtained questions the depth of this analysis. Altogether, the lack of novelty and lack of mechanistic 

insight raises major concerns in the referee for the eligibility of this manuscript for EMBO Journal.  

Response: we consider there are novel aspects in the manuscript such as the involvement of the 

NLRP3 inflammasome for changes of Abeta pathology induced by systemic inflammation. Most 

importantly, we longitudinally assess changes of microglia dynamics in vivo. We believe that we 
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now provide more mechanistic information including on the inflammatory response in brain and 

periphery (Fig EV5), BBB disruption (Fig EV12) and the inflammasome activation (Fig EV4).  

 

3. Nlrp3−/− microglia do not display morphological changes after the single LPS injection. 

Nevertheless, no mechanism is provided to explain how NLRP3 in microglial cells in the CNS 

parenchyma is activated by LPS. I would ask the authors to elucidate how the LPS is directly 

crossing the blood brain barrier and activating microglia through its specific receptor, or if there is 

an intermediate signal mediating this effect as suggested by other publications (Banks WA, et al. 

Brain Behav Immun. 2010 Jan. doi: 10.1016/j.bbi.2009.09.001).  

Response: We thank the reviewer for the suggestion. We have measured IL-1beta and TNF-alpha 

levels in the liver and the brain in order to dissect both, the peripheral and central effects of LPS 

challenge in the inflammatory response (Fig EV5). We have found considerable less IL-1beta levels 

after LPS injection in Nlrp3-/- mice either in the liver or brain. Therefore, one plausible explanation 

on how Nlrp3-/- mice are refractory to peripheral LPS could be the overall reduction IL-1beta-driven 

inflammatory response (Fig EV5). These results were included in the results section of the revised 

manuscript (page 7, lines 177-180). Regarding LPS extravasation, we thank the reviewer for the 

suggested paper. The results shown there are for intravenously LPS injection. 

We have checked and to the best of our knowledge, there is no publication showing LPS 

extravasation after an intraperitoneally injection (Hoogland et al, 2015).  

 

4. CD169+ cells are assumed to be infiltrating peripheral myeloid cells. The authors should prove 

through fate mapping or any similar technique that the described CD169+ cells are indeed peripheral 

myeloid cells and not just microglia expressing this marker. Some authors claim this marker can be 

upregulated in microglia (Bogie JF, Mult Scler. 2018 Mar. doi: 10.1177/1352458517698759).  

Response: We thank the reviewer for the comment. The paper suggested by the reviewer shows 

CD169+/Iba+ cells in an EAE murine model. This is a model where blood brain barrier disruption 

has been shown (Davalos et al, 2012), which makes difficult the discrimination between brain-

resident cells and infiltrating ones. Based on this, we wanted to verify blood-brain barrier integrity 

and we have included for the revised version of the manuscript, fibrinogen staining (Fig EV12). 

Fibrinogen is abundant in the blood and participates in the coagulation cascade creating fibrin. 

Particularly in the nervous system, fibrinogen is deposited as fibrin once the blood brain barrier is 

disrupted (Mendiola et al, 2017). 

Our results show the presence of fibrinogen deposits 2 and 10 days after LPS injection in APP 15mo 

mice (Fig EV12b,c). Importantly, no fibrinogen deposition was observed in APP/Nlrp3-/- 15mo 

injected with LPS. These results suggest that peripheral LPS challenge disrupts blood-brain barrier 

in 15mo APP mice, which could lead to the infiltration of peripheral cells. We included these results 

into the result section (page 11, lines 275-284). 

 

5. In Figure 4c, microglia cells are gated simply as living CD11b+ cells. A better gating strategy is 

required specially if you are claiming the possibility of infiltrating peripheral myeloid cells. After 
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targeting leucocytes, discarding duplex cells and gating living cells with the Live/Dead staining; 

CD3, CD19 and GR1 cells must be excluded. Finally microglia cells must be gated not only by 

CD11b+ but CD45 low to distinguish from peripheral myeloid cells. Additionally, Figure 4c seems 

to display a subpopulation of cells in the upper right part of the APP/NLRP3−/− FACS dot plot that 

is not present in the APP mice. If this population does not disappear after a proper gating strategy, 

the authors should describe what they are.  

Response:  We thank the reviewer for the comment. We have added our gating strategy for the 

revised version of the manuscript (Fig EV9). For our gating strategy we first removed doublets cells 

using the FSC parameters, next dead cells were removed using a live/dead dye. For our methoxy 

analysis we took cells that were positive for both, CD11b and CD45. While the reviewer described 

the gating strategy to eliminate monocyte populations based on CD45 expression, this is only 

relevant in the healthy adult brain. In APP/PS1 mice it has been described that microglia particularly 

close to the plaque upregulate CD45 (Maier et al, 2008; Keren-shaul et al, 2017). Since these are the 

main cells of interest, we were reluctant to exclude cells based on CD45 expression. 

Cells expressing CD45 and not CD11b were excluded, as these could be T and B cells. We are 

completely aware of the difficulties using these settings to decipher between infiltrating myeloid 

cells and microglia and therefore without adequate markers available to accurately distinguish these 

populations in AD, we assess all myeloid cells instead.  

 

6. Please explain the relevance of your findings in Figure 4a,b and 5a,b given the distinct 

populations already described by Keren-Shaul H et al. Cell 2017, which seem to be the same as 

yours.  

Response: we thank the reviewer for the comment. We would like to acknowledge the lack of 

novelty in terms of the population heterogeneity. However, our manuscript shows for the first time 

in vivo dynamics of microglia in the context of systemic inflammation in AD. Importantly, we show 

in our manuscript that the populations react in different ways to LPS challenge (Fig 4a,b, 5a,b). 

Additionally, considering these populations are morphologically different (Fig EV8) we cannot 

analyze them together.  

 

7. The authors claim LPS related changes act through the NLRP3 pathway but never show proof of 

NLRP3 being activated in their model. The study would first benefit from a proof of principle that 

LPS is directly or indirectly triggering NLRP3 inflammasome activation and therefore induces 

ASC-spec formation that would explain the changes observed. Please show as well quantitative data 

of Asc formation, especially in Figures 2 and 6c,d. Given the experience the author's group has with 

immunofluorescence detection of Asc-Specs, this should not be a problem.  

Response: we have included the figure showing ASC/Iba-1 staining and quantification for the 

revised version of the manuscript. Our results indicate that peripheral immune challenge trigger 

ASC speck formation in a Nlrp3-dependent manner (Fig EV4). Interestingly, 10 days after LPS 

injection, we observed a reduction in the number of specks compared to 2 days post LPS (Fig EV4). 
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In summary, these results (together with IL-1beta levels) confirm the activation of the NLRP3 

inflammasome.   

 

8. The term "inflammation" is wrongly used throughout the whole manuscript (see: Aguzzi et al. 

Science. 2013 Jan 11;339(6116):156) and should be avoided. There is simply no inflammation 

during neurodegeneration such AD. There is a difference to MS, meningitis, stroke etc.  

Response: we use throughout the manuscript the expression “systemic inflammation” which makes 

reference to our LPS peripheral stimulation. For the Central Nervous System we use the word 

neuroinflammation. We thank the reviewer for referencing the exquisite review by Ben Barres and 

colleagues. Here we transcribe a segment from the same review “Whereas viral, bacterial, and 

autoimmune diseases of the CNS can resemble their extraneural counterparts morphologically, the 

concept of “neuroinflammation” has gradually expanded to also describe diseases that display none 

of Celsus’ cardinal signs”. Of course we are aware that the inflammatory processes taking place 

during AD they may not present all of Celsus signs, however there is no place in the review 

referenced by the reviewer where states that no inflammation is taking place during AD. 

 

Minor Points:  

1. It is better to represent each count as a dot instead of Bars to appreciate the distribution of the 

sample. It is best not to hide this information. You may overlay the dots on top of the bars. Also, the 

correct measure of error bars to show is Standard Deviation and not SEM. SEM is only for 

populations while SD talks about the variability within a sample.  

Response: we have checked EMBO Journal papers and graph are represented with SEM 

 

2. The nomenclature for the Nlrp3 gene in mice must be written with only the first in capital and 

everything in cursive, whereas the NLRP3 protein in mice must be written all letters in capital. The 

same applies for other transgenes used. This was taken into account but inconsistent in the text and 

not at all taken into account in the figures. For references guidelines please read: 

(http://www.informatics.jax.org/mgihome/nomen/gene.shtml, https://en.wikipedia.org/wiki/Gene_n

omenclature, https://www.ncbi.nlm.nih.gov/genome/doc/internatprot_nomenguide/)  

Response: we thank the reviewer for the observation. We apologize and corrected the nomenclature 

all through the revised version of the manuscript. 

 

3. Related information is spread across too many figures. I suggest sending non-crucial information 

to more Extended Views and fuse into one figure the following: Figures 1 and 2. Figures 4 and 5. 

Figures 7 and 8.  

Response: we thank the reviewer the suggestion. We have moved some non-crucial information to 

extended view as suggested. 

 

4. It is odd that the Figure 1a is not mentioned in the main text but only in the methods. Please 

include in the main text or relocate it to an Extended View.  
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Response: we thank the reviewer the comment. We have moved figure 1a to an extended view (Fig 

EV1). 

 

5. Figure 1e and Figure 2a displays CX3-eGFP above the timeline. It should say CX3CR1-eGFP.  

Response: we have corrected the nomenclature. 

 

6. Please quantify number of plaques and plaque size separating cortex and hippocampus for figure 

3 (as done in Figures 7a,b and 8).  

Response: We thank the reviewer for this suggestion; we have now quantified cortex and 

hippocampus separately (Fig 3 and EV7). 

 

7. Please explain the meaning of the topmost significance bar in all the graphs of Figure 3b. Clarify 

if it corresponds to a significant difference between each bar and its equivalent in the Nlrp3 knock 

out group or if it's indicating significant differences between the first and last bar of both groups. 

The same applies to the bars in Figure 7c and EV1.  

Response: the significance bar at the top makes reference to the increased amount of amyloid 

deposits in the APP/PS1 mice in comparison to APP/PS1Nlrp3-/- for all the time points. 

 

8. Figure 6 should include a quantification of the CD169+ cells described to assess the relevance of 

such findings. Please indicate in % of CD169+ cells from the total Iba-1 population surrounding the 

plaques and the % of plaques surrounded by CD169+ cells from total plaques in image.  

Response: we would like to emphasize that this result is qualitative and not quantitative. We wanted 

to show the presence of these cells, presumably of peripheral origin. 

 

9. The image quality of the Ki67 stainings in figures 7 & 8 is not optimal. Please include a higher 

magnification image where Ki67, DAPI and Iba1 can be evidently seen overlaid. The same for the 

CD169 staining in figure 6. It would be best if you could present the individual channels in high 

magnification and at the end an overlay of all channels.  

Response: we thank the reviewer for the comment; the images were enlarged so that the reader may 

better appreciate the findings. Regarding the representation using individual channels, we were 

concerned about showing the three channels for all 24 conditions measured. This would lead to 72 

images per figure and would make it difficult for the reader to appreciate the major findings, we 

were trying to emphasize. Therefore, we tried instead to show images that more accurately reflected 

the key findings of the experiment.  

 

 

10. In figures 7 and 8. DAPI is not indicated in the legend of each image.  

Response: We thank the reviewer correction. We have incorporated this to the revised version of 

the manuscript. 
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11. In figure 8a&b, Dapi and Methoxy should not be used use in the same color, this creates 

confusion. Please repeat representative images using Thioflavine-S or Thiazine red that stains the 

same structures and move Ki67 to another channel like far-red.  

Response: we appreciate the comment made by the reviewer. For the revised version of the 

manuscript we have increased the magnification of the images and we hope this do not create 

confusion anymore. 

 

12. In Figure 8c, please explain why Ki67 decreases in APP 5m old mice after LPS injection. This 

piece of data contradicts your general statement for that figure.  

Response: We agree with the reviewer, however, it seems that this phenomenon is observed only in 

the cortex but not in the hippocampus. We suggest that – as most KI67 positive microglia are found 

at sites of amyloid deposition, the low number of such depositions may have lead to caused this 

variation. A cautionary note on this finding has been added to the text (page 12, lines 314-318). 

 

Referee #3:  

 

The manuscript "Systemic inflammation impairs microglial Ab clearance through NLRP3 

inflammasome" aims to investigate the effect of systemic inflammation on microglial activation 

with regard to aging, Alzheimer´s Disease (AD) and the NLRP3 inflammasome.  

Microglia of mice expressing CX3CR1-GFP were monitored by Two-photon laser scanning 

microscopy in vivo at different time points after LPS injection. Microglia of 15 months old mice 

showed less ramification in general compared to microglia from 5 months old mice and animals of 

both age groups exhibited a more "activated" phenotype (reduced branching, reduced amount and 

length of processes) 2 d but not 10 d after LPS treatment. LPS treatment resulted also in an 

increased number of amyloid beta plaques and higher levels of Abeta 40 and 42. Lack of the 

inflammasome component NLRP3 (NLPR3 KO mice) prevented morphological changes in 

microglia (non-AD model and plaque-distant), Abeta increase and infiltration of CD169-positive 

peripheral macrophages. Furthermore, microglial proliferation was increased 2 d after LPS 

challenge in all mouse models and ages with less proliferation in the hippocampus of NLRP3 KO 

mice occurring.  

 

The manuscript is well structured but some figures should be combined or moved to EV to avoid 

repetitions and also the writing style must be improved to increase the clarity of the text. The topic - 

dissecting the effect of systemic inflammation on microglia in the context of AD - is certainly of 

high interest and the reviewer appreciates the efforts to demonstrate these changes in an in vivo 

setting. However, there are a couple of major concerns, which must be addressed:  

 

Major Points:  

1. The authors need to demonstrate the existence and the time course of a systemic inflammation 

after LPS injection by additional markers apart from microglia morphology. In addition to 
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cytokines, (see 2) also staining of addtl. microglial activations makers (such as CD68 and Clec7a) is 

required.  

Response: we thank the reviewer for the comment. We have now added CD68 staining into the 

revised version of the manuscript (Fig EV3). Our results suggest a Nlrp3-dependent increase in 

CD68 immunoreactivity 2 days after LPS injection in 15mo WT mice. Interestingly, and in 

concordance with our morphological analysis, 10 days after peripheral immune challenge we found 

a reduction in CD68 immunoreactivity. We have included these results into the revised version of 

the manuscript (page 6, lines 145-150 and 7, lines 164-166). 

 

2. The manuscript is mainly descriptive and would profit - in regard to novelty - from a deeper 

mechanistic insight. The authors found a protective effect from lack of NLRP3 at various levels. 

This indicates a major involvement of not only cytokines in general but also the IL1beta/IL18 

pathway, specifically. Therefore, the authors must determine the cytokine levels before and after 

injection of LPS in the periphery and the brain a) to elucidate the protective effect of NLRP3 

deletion in the aging paradigm (as discussed in regard to Fig 2b,c,d) as well as during systemic 

inflammation and b) whether release of TNFalpha and IL6 (also induced by LPS but not dependent 

on NLRP3) is indeed irrelevant in this setting as indirectly suggested by these data.  

Response: we thank the input from the reviewer. Cytokine data was added to the revised version of 

the manuscript (Fig EV5) (page7, lines 177-180). Our results indicate for both liver and brain an 

increase in IL-1beta (Nlrp3-dependent) 2 days after LPS injection. Importantly, 10 days after LPS 

injection IL-1beta levels were the same as PBS-treated mice. Moreover, in order to get deeper 

knowledge on inflammasome activation, we have included to the revised version of the manuscript 

ASC staining (Fig EV4). Our results show that LPS peripheral challenge induces ASC speck 

formation by microglia. 

Additionally, TNF-alpha levels showed an Nlrp3-independent increase 2 days post-LPS and then, 10 

days later a decrease, showing similar levels to PBS-treated mice (Fig EV5). 

 

3. Soma size is another parameter of microglia activation (as the authors also mention in the 

discussion). Looking at Fig. 1b, this parameter does not seem to support the conclusion, namely that 

all activation parameters are at its maximum after 2 d. Are the pictures in Fig. 1b not representative? 

Please provide a quantification of this parameter.  

Response: the reviewer was correct in this observation. We have changed the images in the figure to 

more accurately reflect the findings described i.e where it is clear there are changes in soma size. It 

is important to mention also that increase in soma size is not a sine qua non condition in the 

microglia morphological changes (Gyoneva et al, 2014). 

  

4. While the effect of LPS on proliferation has been shown previously (e.g. Shankaran et al., 2007 

DOI:10.1002/jnr.21389), the outcome of LPS stimulation on Abeta load is interesting (Fig. 3), 

where the authors propose reduced phagocytosis as possible mechanism (Fig. 4 c,d). As 

phagocytosis decreased progressively during the observation time (up to 10 d), a longer observation 
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time is required - especially regarding future therapeutic inventions - to determine if a systemic 

inflammation has transient or a permanent effect.  

Response: We agree with the reviewer that principally, it would be very interesting to assess the 

longitudinal consequences of a single or multiple LPS challenges on microglial clearance capacity 

and beta-amyloid load. Nevertheless, we feel that this substantially exceeds the scope of the present 

study and would probably require longer intervals between observations (e.g. months instead of 

days), furthermore, such a study most likely would have to performed in non-anesthetized animals 

to avoid the effects of repeated exposure to anesthetics and therefore could not directly be linked 

with the present study. 

 

5. Are the changes the authors observed in microglia reflected in astrocytes (or other CNS cells) or 

are this microglia-specific effect?  

Response: we thank the reviewer for the question. There is a recent paper indicating that reactive 

astrocytes require a microglial inflammatory response to become activated (Liddelow et al, 2017). 

Taking this into account we have now analyzed the astrocytic response to peripheral immune 

challenge and added these data to the revised manuscript (page 7, lines 188-200). Our results 

suggest that 2 days after LPS injection astrocytes become activated, increasing GFAP 

immunoreactivity (Fig EV6). Interestingly, Nlrp3-/- mice did not exhibit changes in GFAP 

immunoreactivity corroborating that astrocytes require activated microglia in order to become 

reactive.  

 

6. The hypothesis on page 9 is pretty bold: "NLRP3 knockout influences infiltration of Aβ-directed 

migration at several levels including the reduction of inflammatory mediators, the capability of 

peripheral immune cells to enter the brain and also by protecting the integrity of the blood brain 

barrier". Since the authors only show a lack of infiltrating CD169 positive cells, this statement needs 

to be adjusted - or substantiated. The least the authors can do is to show cytokine levels (as 

inflammatory mediators) as suggested in 2, as well as convincing data regarding the integrity of the 

BBB (e.g. an Evans blue staining).  

Response: we thank the reviewer for this critique. In addition to the cytokine data, we have added 

fibrinogen staining as a measure of BBB disruption (Davalos et al, 2012) to the revised version of 

the manuscript (page 11 lines 275-284). As a consequence of BBB disruption fibrinogen forms 

deposits in the brain parenchyma. We have found fibrinogen deposits in APP 15mo 2 and 10 days 

post-LPS challenge (Figure EV12). Importantly, fibrinogen deposition resulted to be Nlrp3-

dependent, since virtually no fibrinogen was found in APP/Nlrp3-/- mice upon LPS injection.  

Altogether, we suggest that the inflammatory response that is taking place in both periphery and 

brain (Fig EV5) could promote BBB disruption and therefore cell infiltration of peripheral origin. 

Nevertheless, we have adjusted our interpretation to be more specific and also indicate that future 

studies will have to elucidate the precise contribution of peripheral cells (page 11, lines 290-291). 
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Minor Points:  

1. Fig 2B 5 months 2nd row, 15 months 2nd row and Fig. 4A APP: are these really the same regions 

because the vascularization looks different.  

Response: we thank the reviewer for the comment. The locations are indeed the same; the 

difference lies in the absorption of Dextran Red to stain the vasculature.  

 

2. Fig 4c,d: how was the phagocytosis assay performed, this lacks in the Methods section.  

Response: we apologize for the lack of a precise description. We have included a more detailed 

description to the revised version of the manuscript (page 22 lines 578-583). Analysis was 

performed as previously described (Kummer et al, 2012; Heneka et al, 2013). 

 

3. Fig 4a and 5a: please depict in the figure and the figure legend the antibodies that were used in 

their respective color. 

Response: Figures 4a and 5a were generated using two-photon microscopy, therefore no antibodies 

were used.  

 

4. Please detail what is considered 'in vicinity of plaques' as well as 'distant from plaques' for 

microglia. If this is based on the methoxyX04 staining, what about the plaque halo that wouldn't be 

visible with this beta-sheet staining?  

Response: we apologize for the lack of precision; “Vicinity of plaques” is defined as a region that is 

within 60µm of the plaque core. Indeed the in vivo labeling with methoxy-x04 will only show the 

core of the plaque and we have now highlighted this fact for a better understanding in the text (page 

9, lines 232-233). 

 

5. The paragraph describing Figs 7 and 8 needs to be revised:  

a. please change cortical to hippocampal (3rd line from the bottom)  

b. Why is there no mentioning of the strong increase in cell proliferation 2 d after LPS treatment 

apart from the section title?  

c. The authors state that "While there was no difference in the number of proliferating microglia 

between 5mo APP/PS1 and APP/PS1/NLRP3-/- mice, NLRP3 knockout substantially reduced the 

number of inflammation-induced proliferating microglia in aged, 15mo animals (Fig 8c). According 

to Fig. 8c there is a significant difference also in 5 month old animals.  

Response: we thank the reviewer for the suggestions. All changes have been introduced to the 

revised version of the manuscript (page 12 lines 303-306).   

 

6. Fig. EV3: The blot mainly shows differences in Actin and not in Beclin1.  

Response: we thank the reviewer for the criticism. We have updated the figure with a more 

representative image of the Actin and Beclin 1 for the revised version of the manuscript (Fig EV10). 
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7. Page 9: "In AD and related mouse models, microglial proliferation seems to be accelerated 

(unpublished observations)." It seems the authors are referring to microgliosis, which is well 

documented in AD and should be referenced appropriately.  

Response: we thank the reviewer for the suggestion. We have properly referenced (Olmos-Alonso 

et al, 2016) the observations for the revised version of the manuscript (page 11, line 296). 

 

8. The statement on page 8: "we observed that these mice were largely refractory to peripheral 

immune challenge and aging, since no morphological changes were observed upon LPS challenge" 

solely based on morphological changes is a bit farfetched (see also 1 and 2).  

Response: we thank the reviewer for the comment. We have added cytokine data and CD68 staining 

as suggested by the reviewer before, to substained our morphological analysis. Unlike wild-type 

mice, Nlrp3-/- mice did not show any increase in CD68 immunoreactivity upon LPS challenge (Fig 

EV3). In line with this result, no increase in IL-1beta was observed in Nlrp3-/- mice after LPS 

injection (Fig EV5). These results in addition to the absence of ASC specks formation (Fig EV4) 

suggest that indeed, Nlrp3-/- are relatively refractory to peripheral immune challenge. Nevertheless 

and taking into account that other markers could have been affected, we now rephrased the 

respective sentence to “we observed that these mice were largely refractory to peripheral immune 

challenge and aging, at least with respect to the evaluated markers of morphological change” (page 

15, lines 404-406). 

 

9. Please mention the exact location of the cranial window in the methods section. 

Response: exact location of the cranial window has been added to the revised version of the 

manuscript (page 18, lines 466-467). 
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2nd Editorial Decision 31st May 2019 

Thanks for sending us your revised manuscript. I asked referee #1 and 3 to re-review and their 
comments are provided below.  
 
As you can see from these comments the referees appreciate the introduced changes and support 
publication here. There have a few remaining comments that I would like to ask you to respond to in 
a final revision. I think most of the issues can be resolved with text changes.  
 
------------------------------------------------  
 
REFEREE REPORTS: 
 
Referee #1:  
 
I think the findings are important. There are now several studies of systemic inflammations effects 
on neurodegenerative diseases and they take many different approaches. What the current study 
lacks in molecular detail it more than makes up for in quality and clarity of imaging to reach some 
useful conclusions about the contribution of NLRP3 to the effects of systemic LPS on microglial 
function and amyloid pathology.  
 
For what it is worth, I believe that referee 2 is much too strong in stating that these do not constitute 
novel data and I agree with most of the author's responses to referee 2. I might add to the 
mechanistic account of how LPS effects on microglia could be mediated by NLRP3: microglial IL-
1, which would be secreted due to NLRP3 processing (even if its expression levels are not altered, 
as is seen here) then has multiple effects on both microglial and astrocytes: IL-1 injected into the 
degenerating brain induces significant changes in microglial morphology, activation of astrocytes to 
synthesise excessive chemokines and significant infiltration of both monocytes and neutrophils 
(Hennessy et al., 2015, J Neurosci). It is not clearly known how microglia respond to systemic 
inflammation and that is something that needs to be resolved by the field as a whole and is not a 
specific weakness of the current study.  
 
This is a revision and the rest of my comments refer to the revisions the authors have made in light 
of prior comments.  
 
Figure 1 d,e. The data is no longer misrepresented but it certainly could be more simply written. The 
finding here is that branches, path length, maximum branch order are all reduced at 2 days but by 10 
days they are once again indistinguishable from their baseline value. The authors text masks this 
simple observation with a lot of statistics-heavy text.  
 
Figure 3. The authors have added further animals and the effects I noted in the prior figure, 
suggesting effects of LPS on amyloid beta even in NLRP3-/- are no longer apparent. In general, the 
number of plaques per section is now lower in the AAP/NLRP3-/- mice.  
 
Figure 4. The following statement makes no sense: "Analysis by 2PLSM revealed that LPS did not 
lead to further morphological changes in microglia located in the vicinity of Aβ deposits (Fig 4a,b), 
which is defined as the microglia cells in a 60µm radius form the amyloid deposit core". It suggests 
that they have assessed morphology on the basis of the number of microglia within a certain radius. 
This is obviously a measure of microglial number, not morphology. Moreover, the green labeling is 
significantly more marked in the 2d and 10 d APP pictures than in the baseline picture. If that is not 
suggestive of altered morphology then what is?  
 
With respect to the MX04 data: we pointed out that there was an apparent 2-way ANOVA 
interaction of strain and time post-LPS (this is important because it suggests that LPS might have 
OPPOSITE effects on phagocytosis of amyloid depending on the presence or absence of NLRP3). 
The authors have now performed that statistical analysis and confirm (in their responses) that this 
suggestion was correct. However they have not edited the text to reflect this (apparently ignoring the 
finding on the basis of post-hoc tests). My view is that the statistical interaction merits comment in 
the text.  
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Figure 6 CD169 can be expressed on both monocytic cells and on neutrophils. The pictures shown 
show no red labelling, suggesting complete overlap with IBA-1. Is this certainly the case or would a 
stronger amplification of the red channel show red cells that are not IBA1 positive?  
 
Figure 7,8. Several changes made in the text here.  
"In cortical areas, WT mice (5 and 15mo) had a higher proliferation rate as compared to Nlrp3-/- 
animals (Fig 7)". I think it is important to state explicitly that LPS produces some proliferation at 2 
days in WT and NLRP3 mice but that this is only NLRP3-dependent to a limited extent.  
In figure 8, it is now corrected that LPS does indeed still produce proliferation in NLRP3-/- mice.  
 
 
 
Referee #3:  
 
We appreciate the efforts the authors took to address our critiques. Except #5 all our points were 
dealt with adequately, in part by providing new experimental data, which improved the quality of 
the manuscript substantially. In consequence, only few minor issues need to be addressed:  
1. Fig 4a and 5a: the assignment of the red and green signals is still not included in the in the figure 
and the figure legend  
2. EV10: Please indicate which of the two bands in the Actin blot is the Actin band  
 
 
 
2nd Revision - authors' response 30th Jun 2019 

Referee #1 

 

I think the findings are important. There are now several studies of systemic inflammations effects 

on neurodegenerative diseases and they take many different approaches. What the current study 

lacks in molecular detail it more than makes up for in quality and clarity of imaging to reach some 

useful conclusions about the contribution of NLRP3 to the effects of systemic LPS on microglial 

function and amyloid pathology.  

 

For what it is worth, I believe that referee 2 is much too strong in stating that these do not constitute 

novel data and I agree with most of the author's responses to referee 2. I might add to the 

mechanistic account of how LPS effects on microglia could be mediated by NLRP3: microglial IL-

1, which would be secreted due to NLRP3 processing (even if its expression levels are not altered, 

as is seen here) then has multiple effects on both microglial and astrocytes: IL-1 injected into the 

degenerating brain induces significant changes in microglial morphology, activation of astrocytes to 

synthesise excessive chemokines and significant infiltration of both monocytes and neutrophils 

(Hennessy et al., 2015, J Neurosci). It is not clearly known how microglia respond to systemic 

inflammation and that is something that needs to be resolved by the field as a whole and is not a 

specific weakness of the current study.  

Response: we thank the reviewer for supporting our study. 

 

 

This is a revision and the rest of my comments refer to the revisions the authors have made in light 

of prior comments.   
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Figure 1 d,e. The data is no longer misrepresented but it certainly could be more simply written. The 

finding here is that branches, path length, maximum branch order are all reduced at 2 days but by 10 

days they are once again indistinguishable from their baseline value. The authors text masks this 

simple observation with a lot of statistics-heavy text. 

Response: The reviewer is right in its observation, however we have to mention that despite not 

observing morphological differences between 10 days and baseline conditions for 15mo mice, we 

did not observe between 10 days and 2 days. We have simplified the sentence and removed the 

statistical text (Page 6 lines 140-143).  

 

Figure 3. The authors have added further animals and the effects I noted in the prior figure, 

suggesting effects of LPS on amyloid beta even in NLRP3-/- are no longer apparent. In general, the 

number of plaques per section is now lower in the AAP/NLRP3-/- mice. 

Response: we thank the reviewer.  

 

Figure 4. The following statement makes no sense: "Analysis by 2PLSM revealed that LPS did not 

lead to further morphological changes in microglia located in the vicinity of Aβ deposits (Fig 4a,b), 

which is defined as the microglia cells in a 60µm radius form the amyloid deposit core". It suggests 

that they have assessed morphology on the basis of the number of microglia within a certain radius. 

This is obviously a measure of microglial number, not morphology. Moreover, the green labeling is 

significantly more marked in the 2d and 10 d APP pictures than in the baseline picture. If that is not 

suggestive of altered morphology then what is? 

Response: We wanted to make clear what vicinity of the plaque means. Additionally, we 

reconstructed every individual cell for morphological quantification. The fact that every cell is 

reconstructed individually, circumvent any difference in the number (a difference we are not 

addressing in this figure). Regarding the difference in the intensity of the green fluorescent protein 

(GFP), the mice express GFP under the endogenous Cx3-cr1 promotor. The reviewer is right in the 

observing that there is more GFP after LPS injection, this is mainly due to the fact that more cells 

are around the plaque. As mentioned above, the number of cells is not addressed in this figure and 

the morphological reconstruction of every individual cell circumvent any difference in number. 

 

With respect to the MX04 data: we pointed out that there was an apparent 2-way ANOVA 

interaction of strain and time post-LPS (this is important because it suggests that LPS might have 

OPPOSITE effects on phagocytosis of amyloid depending on the presence or absence of NLRP3). 

The authors have now performed that statistical analysis and confirm (in their responses) that this 

suggestion was correct. However they have not edited the text to reflect this (apparently ignoring the 

finding on the basis of post-hoc tests). My view is that the statistical interaction merits comment in 

the text. 

Response: we apologize for not having included the comment in the previous version. We have now 

included a comment on the nature of the statistical interaction (page 9 lines 236-239). 
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Figure 6 CD169 can be expressed on both monocytic cells and on neutrophils. The pictures shown 

show no red labelling, suggesting complete overlap with IBA-1. Is this certainly the case or would a 

stronger amplification of the red channel show red cells that are not IBA1 positive? 

Response: we thank the reviewer for raising the concern. We have not seen any CD169 positive cell 

that is not Iba-1 positive. Regarding amplification of the red channel, we have taken every picture 

with the same look-up-tables settings. 

 

 

Figure 7,8. Several changes made in the text here.  

"In cortical areas, WT mice (5 and 15mo) had a higher proliferation rate as compared to Nlrp3-/- 

animals (Fig 7)". I think it is important to state explicitly that LPS produces some proliferation at 2 

days in WT and NLRP3 mice but that this is only NLRP3-dependent to a limited extent. 

Response: We have rephrased the sentence in order to explicitly address the concern raised by the 

reviewer (page 12 lines 303-305). 

In figure 8, it is now corrected that LPS does indeed still produce proliferation in NLRP3-/- mice. 

Response: we thank the reviewer for the suggestion 

 

 

Referee #3 

We appreciate the efforts the authors took to address our critiques. Except #5 all our points were 

dealt with adequately, in part by providing new experimental data, which improved the quality of 

the manuscript substantially. In consequence, only few minor issues need to be addressed:  

1. Fig 4a and 5a: the assignment of the red and green signals is still not included in the in the figure 

and the figure legend 

Response: Figures 4a and 5a are two-photon images. In figure 4a red channel represents dextran-red 

and the green channel represents the green fluorescent protein (GFP). In figure 5a green channel 

represents GFP. These corrections were included to figure 4a and 5a for the revised version of the 

manuscript. 

 

2. EV10: Please indicate which of the two bands in the Actin blot is the Actin band 

Response: we thank the reviewer for the comment. The actin band in the blot is represented by the 

upper band. Please be aware that for the revised version of the manuscript Fig EV10 is now Fig 

EV4. 

 

 
3rd Editorial Decision 3rd Jul 2019 

Thank you for sending me the revised manuscript I have now had a chance to take a look at 
everything and all looks good.  
 
I am therefore very pleased to accept the manuscript for publication here.  



USEFUL	  LINKS	  FOR	  COMPLETING	  THIS	  FORM

http://www.antibodypedia.com
http://1degreebio.org
http://www.equator-‐network.org/reporting-‐guidelines/improving-‐bioscience-‐research-‐reporting-‐the-‐arrive-‐guidelines-‐for-‐reporting-‐animal-‐research/

http://grants.nih.gov/grants/olaw/olaw.htm
http://www.mrc.ac.uk/Ourresearch/Ethicsresearchguidance/Useofanimals/index.htm
http://ClinicalTrials.gov
http://www.consort-‐statement.org
http://www.consort-‐statement.org/checklists/view/32-‐consort/66-‐title

!

http://www.equator-‐network.org/reporting-‐guidelines/reporting-‐recommendations-‐for-‐tumour-‐marker-‐prognostic-‐studies-‐remark/
!

http://datadryad.org
!

http://figshare.com
!

http://www.ncbi.nlm.nih.gov/gap
!

http://www.ebi.ac.uk/ega

http://biomodels.net/

http://biomodels.net/miriam/
! http://jjj.biochem.sun.ac.za
! http://oba.od.nih.gov/biosecurity/biosecurity_documents.html
! http://www.selectagents.gov/
!

!
!

!
!

" common	  tests,	  such	  as	  t-‐test	  (please	  specify	  whether	  paired	  vs.	  unpaired),	  simple	  χ2	  tests,	  Wilcoxon	  and	  Mann-‐Whitney	  
tests,	  can	  be	  unambiguously	  identified	  by	  name	  only,	  but	  more	  complex	  techniques	  should	  be	  described	  in	  the	  methods	  
section;

" are	  tests	  one-‐sided	  or	  two-‐sided?
" are	  there	  adjustments	  for	  multiple	  comparisons?
" exact	  statistical	  test	  results,	  e.g.,	  P	  values	  =	  x	  but	  not	  P	  values	  <	  x;
" definition	  of	  ‘center	  values’	  as	  median	  or	  average;
" definition	  of	  error	  bars	  as	  s.d.	  or	  s.e.m.	  

1.a.	  How	  was	  the	  sample	  size	  chosen	  to	  ensure	  adequate	  power	  to	  detect	  a	  pre-‐specified	  effect	  size?

1.b.	  For	  animal	  studies,	  include	  a	  statement	  about	  sample	  size	  estimate	  even	  if	  no	  statistical	  methods	  were	  used.

2.	  Describe	  inclusion/exclusion	  criteria	  if	  samples	  or	  animals	  were	  excluded	  from	  the	  analysis.	  Were	  the	  criteria	  pre-‐
established?

3.	  Were	  any	  steps	  taken	  to	  minimize	  the	  effects	  of	  subjective	  bias	  when	  allocating	  animals/samples	  to	  treatment	  (e.g.	  
randomization	  procedure)?	  If	  yes,	  please	  describe.	  

For	  animal	  studies,	  include	  a	  statement	  about	  randomization	  even	  if	  no	  randomization	  was	  used.

4.a.	  Were	  any	  steps	  taken	  to	  minimize	  the	  effects	  of	  subjective	  bias	  during	  group	  allocation	  or/and	  when	  assessing	  results	  
(e.g.	  blinding	  of	  the	  investigator)?	  If	  yes	  please	  describe.

4.b.	  For	  animal	  studies,	  include	  a	  statement	  about	  blinding	  even	  if	  no	  blinding	  was	  done

5.	  For	  every	  figure,	  are	  statistical	  tests	  justified	  as	  appropriate?

Do	  the	  data	  meet	  the	  assumptions	  of	  the	  tests	  (e.g.,	  normal	  distribution)?	  Describe	  any	  methods	  used	  to	  assess	  it.

Is	  there	  an	  estimate	  of	  variation	  within	  each	  group	  of	  data?

Is	  the	  variance	  similar	  between	  the	  groups	  that	  are	  being	  statistically	  compared?

Manuscript	  Number:	  	  EMBOJ-‐2018-‐101064R

EMBO	  PRESS	  

A-‐	  Figures	  

Reporting	  Checklist	  For	  Life	  Sciences	  Articles	  (Rev.	  June	  2017)

This	  checklist	  is	  used	  to	  ensure	  good	  reporting	  standards	  and	  to	  improve	  the	  reproducibility	  of	  published	  results.	  These	  guidelines	  are	  
consistent	  with	  the	  Principles	  and	  Guidelines	  for	  Reporting	  Preclinical	  Research	  issued	  by	  the	  NIH	  in	  2014.	  Please	  follow	  the	  journal’s	  
authorship	  guidelines	  in	  preparing	  your	  manuscript.	  	  

PLEASE	  NOTE	  THAT	  THIS	  CHECKLIST	  WILL	  BE	  PUBLISHED	  ALONGSIDE	  YOUR	  PAPER

Journal	  Submitted	  to:	  EMBO	  Journal
Corresponding	  Author	  Name:	  Michael	  T.	  Heneka

a	  statement	  of	  how	  many	  times	  the	  experiment	  shown	  was	  independently	  replicated	  in	  the	  laboratory.

Any	  descriptions	  too	  long	  for	  the	  figure	  legend	  should	  be	  included	  in	  the	  methods	  section	  and/or	  with	  the	  source	  data.

	  

In	  the	  pink	  boxes	  below,	  please	  ensure	  that	  the	  answers	  to	  the	  following	  questions	  are	  reported	  in	  the	  manuscript	  itself.	  
Every	  question	  should	  be	  answered.	  If	  the	  question	  is	  not	  relevant	  to	  your	  research,	  please	  write	  NA	  (non	  applicable).	  	  
We	  encourage	  you	  to	  include	  a	  specific	  subsection	  in	  the	  methods	  section	  for	  statistics,	  reagents,	  animal	  models	  and	  human	  
subjects.	  	  

definitions	  of	  statistical	  methods	  and	  measures:

a	  description	  of	  the	  sample	  collection	  allowing	  the	  reader	  to	  understand	  whether	  the	  samples	  represent	  technical	  or	  
biological	  replicates	  (including	  how	  many	  animals,	  litters,	  cultures,	  etc.).

Please	  fill	  out	  these	  boxes	  #	  (Do	  not	  worry	  if	  you	  cannot	  see	  all	  your	  text	  once	  you	  press	  return)

a	  specification	  of	  the	  experimental	  system	  investigated	  (eg	  cell	  line,	  species	  name).

C-‐	  Reagents

B-‐	  Statistics	  and	  general	  methods

the	  assay(s)	  and	  method(s)	  used	  to	  carry	  out	  the	  reported	  observations	  and	  measurements	  
an	  explicit	  mention	  of	  the	  biological	  and	  chemical	  entity(ies)	  that	  are	  being	  measured.
an	  explicit	  mention	  of	  the	  biological	  and	  chemical	  entity(ies)	  that	  are	  altered/varied/perturbed	  in	  a	  controlled	  manner.

1.	  Data

the	  data	  were	  obtained	  and	  processed	  according	  to	  the	  field’s	  best	  practice	  and	  are	  presented	  to	  reflect	  the	  results	  of	  the	  
experiments	  in	  an	  accurate	  and	  unbiased	  manner.
figure	  panels	  include	  only	  data	  points,	  measurements	  or	  observations	  that	  can	  be	  compared	  to	  each	  other	  in	  a	  scientifically	  
meaningful	  way.
graphs	  include	  clearly	  labeled	  error	  bars	  for	  independent	  experiments	  and	  sample	  sizes.	  Unless	  justified,	  error	  bars	  should	  
not	  be	  shown	  for	  technical	  replicates.
if	  n<	  5,	  the	  individual	  data	  points	  from	  each	  experiment	  should	  be	  plotted	  and	  any	  statistical	  test	  employed	  should	  be	  
justified

the	  exact	  sample	  size	  (n)	  for	  each	  experimental	  group/condition,	  given	  as	  a	  number,	  not	  a	  range;

Each	  figure	  caption	  should	  contain	  the	  following	  information,	  for	  each	  panel	  where	  they	  are	  relevant:

2.	  Captions

The	  data	  shown	  in	  figures	  should	  satisfy	  the	  following	  conditions:

Source	  Data	  should	  be	  included	  to	  report	  the	  data	  underlying	  graphs.	  Please	  follow	  the	  guidelines	  set	  out	  in	  the	  author	  ship	  
guidelines	  on	  Data	  Presentation.

YOU	  MUST	  COMPLETE	  ALL	  CELLS	  WITH	  A	  PINK	  BACKGROUND	  #

Sample	  size	  was	  chosen	  running	  power	  analysis	  from	  http://www.biomath.info/power/index.html.	  
T-‐test	  on	  group	  means	  was	  performed	  

	  Based	  on	  previous	  publications	  we	  assumend	  that	  smallest	  difference	  between	  2	  of	  our	  
experimental	  groups	  would	  be	  at	  least	  35%.	  	  

No	  samples	  were	  excluded	  from	  analysis

Animals	  were	  assigned	  to	  different	  treamtment	  groups	  (i.e	  ctrl,	  2days	  and	  10	  days)	  by	  stratified	  
randomization	  (Weir,	  CJ	  et	  al.	  Stat	  Med.	  2003).

For	  in	  vivo	  imaging,	  one	  mouse	  of	  each	  group	  was	  imaged	  on	  the	  same	  day

Blinding	  of	  the	  investigator.

Mice	  were	  assigned	  an	  unique	  ID	  that	  was	  kept	  for	  the	  extension	  of	  the	  study.	  In	  vivo	  imaging	  
experiments	  were	  based	  on	  this	  ID	  which	  kept	  out	  the	  genotype	  of	  the	  mice.	  For	  experiments	  
analyzed	  by	  epifluoresence	  microscopy,	  western	  blot,	  ELISA	  and	  FACS,	  the	  investigator	  got	  acces	  to	  
the	  ID	  of	  the	  mice	  but	  ingnored	  genotype	  and	  treatment	  of	  the	  mice.
Yes

Yes.	  According	  to	  D'Agostino	  and	  Pearson	  we	  used	  the	  omnibus	  K2	  test	  from	  Graphpad.

No

Yes



6.	  To	  show	  that	  antibodies	  were	  profiled	  for	  use	  in	  the	  system	  under	  study	  (assay	  and	  species),	  provide	  a	  citation,	  catalog	  
number	  and/or	  clone	  number,	  supplementary	  information	  or	  reference	  to	  an	  antibody	  validation	  profile.	  e.g.,	  
Antibodypedia	  (see	  link	  list	  at	  top	  right),	  1DegreeBio	  (see	  link	  list	  at	  top	  right).

7.	  Identify	  the	  source	  of	  cell	  lines	  and	  report	  if	  they	  were	  recently	  authenticated	  (e.g.,	  by	  STR	  profiling)	  and	  tested	  for	  
mycoplasma	  contamination.

*	  for	  all	  hyperlinks,	  please	  see	  the	  table	  at	  the	  top	  right	  of	  the	  document

8.	  Report	  species,	  strain,	  gender,	  age	  of	  animals	  and	  genetic	  modification	  status	  where	  applicable.	  Please	  detail	  housing	  
and	  husbandry	  conditions	  and	  the	  source	  of	  animals.

9.	  For	  experiments	  involving	  live	  vertebrates,	  include	  a	  statement	  of	  compliance	  with	  ethical	  regulations	  and	  identify	  the	  
committee(s)	  approving	  the	  experiments.

10.	  We	  recommend	  consulting	  the	  ARRIVE	  guidelines	  (see	  link	  list	  at	  top	  right)	  (PLoS	  Biol.	  8(6),	  e1000412,	  2010)	  to	  ensure	  
that	  other	  relevant	  aspects	  of	  animal	  studies	  are	  adequately	  reported.	  See	  author	  guidelines,	  under	  ‘Reporting	  
Guidelines’.	  See	  also:	  NIH	  (see	  link	  list	  at	  top	  right)	  and	  MRC	  (see	  link	  list	  at	  top	  right)	  recommendations.	  	  Please	  confirm	  
compliance.

11.	  Identify	  the	  committee(s)	  approving	  the	  study	  protocol.

12.	  Include	  a	  statement	  confirming	  that	  informed	  consent	  was	  obtained	  from	  all	  subjects	  and	  that	  the	  experiments	  
conformed	  to	  the	  principles	  set	  out	  in	  the	  WMA	  Declaration	  of	  Helsinki	  and	  the	  Department	  of	  Health	  and	  Human	  
Services	  Belmont	  Report.

13.	  For	  publication	  of	  patient	  photos,	  include	  a	  statement	  confirming	  that	  consent	  to	  publish	  was	  obtained.

14.	  Report	  any	  restrictions	  on	  the	  availability	  (and/or	  on	  the	  use)	  of	  human	  data	  or	  samples.

15.	  Report	  the	  clinical	  trial	  registration	  number	  (at	  ClinicalTrials.gov	  or	  equivalent),	  where	  applicable.

16.	  For	  phase	  II	  and	  III	  randomized	  controlled	  trials,	  please	  refer	  to	  the	  CONSORT	  flow	  diagram	  (see	  link	  list	  at	  top	  right)	  
and	  submit	  the	  CONSORT	  checklist	  (see	  link	  list	  at	  top	  right)	  with	  your	  submission.	  See	  author	  guidelines,	  under	  
‘Reporting	  Guidelines’.	  Please	  confirm	  you	  have	  submitted	  this	  list.

17.	  For	  tumor	  marker	  prognostic	  studies,	  we	  recommend	  that	  you	  follow	  the	  REMARK	  reporting	  guidelines	  (see	  link	  list	  at	  
top	  right).	  See	  author	  guidelines,	  under	  ‘Reporting	  Guidelines’.	  Please	  confirm	  you	  have	  followed	  these	  guidelines.

18:	  Provide	  a	  “Data	  Availability”	  section	  at	  the	  end	  of	  the	  Materials	  &	  Methods,	  listing	  the	  accession	  codes	  for	  data	  
generated	  in	  this	  study	  and	  deposited	  in	  a	  public	  database	  (e.g.	  RNA-‐Seq	  data:	  Gene	  Expression	  Omnibus	  GSE39462,	  
Proteomics	  data:	  PRIDE	  PXD000208	  etc.)	  Please	  refer	  to	  our	  author	  guidelines	  for	  ‘Data	  Deposition’.

Data	  deposition	  in	  a	  public	  repository	  is	  mandatory	  for:	  
a.	  Protein,	  DNA	  and	  RNA	  sequences	  
b.	  Macromolecular	  structures	  
c.	  Crystallographic	  data	  for	  small	  molecules	  
d.	  Functional	  genomics	  data	  
e.	  Proteomics	  and	  molecular	  interactions
19.	  Deposition	  is	  strongly	  recommended	  for	  any	  datasets	  that	  are	  central	  and	  integral	  to	  the	  study;	  please	  consider	  the	  
journal’s	  data	  policy.	  If	  no	  structured	  public	  repository	  exists	  for	  a	  given	  data	  type,	  we	  encourage	  the	  provision	  of	  
datasets	  in	  the	  manuscript	  as	  a	  Supplementary	  Document	  (see	  author	  guidelines	  under	  ‘Expanded	  View’	  or	  in	  
unstructured	  repositories	  such	  as	  Dryad	  (see	  link	  list	  at	  top	  right)	  or	  Figshare	  (see	  link	  list	  at	  top	  right).
20.	  Access	  to	  human	  clinical	  and	  genomic	  datasets	  should	  be	  provided	  with	  as	  few	  restrictions	  as	  possible	  while	  
respecting	  ethical	  obligations	  to	  the	  patients	  and	  relevant	  medical	  and	  legal	  issues.	  If	  practically	  possible	  and	  compatible	  
with	  the	  individual	  consent	  agreement	  used	  in	  the	  study,	  such	  data	  should	  be	  deposited	  in	  one	  of	  the	  major	  public	  access-‐
controlled	  repositories	  such	  as	  dbGAP	  (see	  link	  list	  at	  top	  right)	  or	  EGA	  (see	  link	  list	  at	  top	  right).
21.	  Computational	  models	  that	  are	  central	  and	  integral	  to	  a	  study	  should	  be	  shared	  without	  restrictions	  and	  provided	  in	  a	  
machine-‐readable	  form.	  	  The	  relevant	  accession	  numbers	  or	  links	  should	  be	  provided.	  When	  possible,	  standardized	  
format	  (SBML,	  CellML)	  should	  be	  used	  instead	  of	  scripts	  (e.g.	  MATLAB).	  Authors	  are	  strongly	  encouraged	  to	  follow	  the	  
MIRIAM	  guidelines	  (see	  link	  list	  at	  top	  right)	  and	  deposit	  their	  model	  in	  a	  public	  database	  such	  as	  Biomodels	  (see	  link	  list	  
at	  top	  right)	  or	  JWS	  Online	  (see	  link	  list	  at	  top	  right).	  If	  computer	  source	  code	  is	  provided	  with	  the	  paper,	  it	  should	  be	  
deposited	  in	  a	  public	  repository	  or	  included	  in	  supplementary	  information.

22.	  Could	  your	  study	  fall	  under	  dual	  use	  research	  restrictions?	  Please	  check	  biosecurity	  documents	  (see	  link	  list	  at	  top	  
right)	  and	  list	  of	  select	  agents	  and	  toxins	  (APHIS/CDC)	  (see	  link	  list	  at	  top	  right).	  According	  to	  our	  biosecurity	  guidelines,	  
provide	  a	  statement	  only	  if	  it	  could.

F-‐	  Data	  Accessibility

D-‐	  Animal	  Models

E-‐	  Human	  Subjects

We	  confirm	  that	  we	  used	  the	  ARRIVE	  guidlines.

G-‐	  Dual	  use	  research	  of	  concern

NA

NA

Rat	  anti-‐mouse	  GFAP	  (ThermoFisher)	  Cat	  No.	  13-‐0300	  (Sigfridsson	  E,	  et	  al.	  Scientific	  Reports	  2018).	  
Rabbit	  anti-‐mouse	  Iba1	  (Wako)	  Cat.	  No.	  019.19741.	  (Lam,	  C.K.,	  et	  al.:	  Nature,	  465,	  478(2010)).	  
Goat	  anti-‐mouse	  Iba1	  (Novus)	  Cat.	  No.	  Novus	  Cat#NB100-‐1028.	  (Bussian	  TJ,	  et	  al.	  Nature.	  2018).	  
Rabbit	  anti-‐mouse	  Ki-‐67	  (Abcam)	  Cat.	  No.	  ab15580.	  (Nkomozepi	  P	  	  et	  al.	  2019	  Int	  J	  dev	  Nurosc.).	  
Rat	  anti-‐mouse	  CD169	  (Bio-‐Rad)	  Cat.	  No.	  MCA884.	  (Ducreux,	  J	  et	  al.	  Bioconjug	  Chem.	  2008).	  Rbbit	  
anti-‐mouse	  Fibrinogen	  (Abcam)	  Cat	  No.	  ab34269	  (Davalos	  et	  al.	  Nature	  Comms.	  2012).	  Rat	  anti-‐
mouse	  CD68	  (ThermoFisher)	  Cat	  No.	  9471873	  (li	  DJ,	  et	  al.	  Redox	  Biol.	  2018).	  Rabbit	  anti-‐mouse	  
ASC	  (Adipogen)	  Cat	  No.	  AL177	  (Venegas	  et	  al.	  Nature.	  2017)

NA

Mus	  musculus.:	  C-‐X3-‐C	  motif,	  receptor	  1-‐GFP	  (Cx3cr1-‐eGFP)	  transgenic	  mice	  (Jung	  et	  al,	  2000)	  
exhibiting	  a	  microglia-‐specific	  expression	  in	  CNS	  and	  APP/PS1	  transgenic	  animals	  (Jankowsky	  et	  al,	  
2001)	  were	  purchased	  form	  The	  Jackson	  Laboratory	  (Bar	  Harbor,	  ME)	  on	  a	  C57BL/6	  background.	  
Nlrp3-‐deficient	  animals	  (Kanneganti	  et	  al,	  2006)	  were	  also	  backcorssed	  onto	  C57BL/6.	  All	  mice	  
were	  housed	  under	  standard	  conditions	  at	  22°C	  with	  a	  12h	  light/dark	  cycle	  and	  free	  access	  to	  food	  
and	  water.	  The	  following	  animal	  groups	  were	  analyzed:	  Cx3cr1-‐eGFP/+,	  Cx3cr1-‐eGFP/+/	  Nlrp3-‐/-‐,	  
Cx3cr1-‐eGFP/+/	  APP/PS1,	  Cx3cr1-‐eGFP/+	  /APP/PS1/Nlrp3-‐/-‐	  at	  5	  and	  15	  months	  of	  age.

The	  experiments	  were	  approved	  by	  the	  local	  German	  committe:	  "Landesamt	  für	  Natur	  Umwelt	  
und	  Verbraucerschutz"	  (LANUV)	  approval	  number	  is:	  84-‐02.04.2013.A101

NA

NA

NA

NA

NA

No

NA

NA

NA

NA
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